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Description

Background of the Invention

[0001] The present invention relates generally to
systems for generating graphics and more particularly
to methods and apparatus for rendering images from a
multi-path simulation model.
[0002] Programed computers can be used to edit
and create movies. For example, a computer program
called After Effects available from Adobe Systems
Incorporated of Mountain View, California, provides its
user the ability to edit and create movies by integrating
and arranging pieces of footage. In such programs, the
process of creating a movie typically occurs in two
major stages: modeling and rendering.
[0003] Modeling is the process of creating a struc-
ture for a movie project, commonly called a composi-
tion, by defining the arrangement and timing of imported
footage. A composition is essentially a set of instruc-
tions that define the processing of footage pieces in
space and time in formation of a movie. Each composi-
tion includes the definition of one or more layers which
are place holders for pieces of footage. Modeling
includes the subprocesses of importing footage into lay-
ers, editing the footage, arranging or compositing the
footage and animating objects or applying other effects
to the composition layers.
[0004] Imported footage may be of the form of video
pictures, animations, drawings, stills, photographs or
computer generated images. Each piece of imported
footage is assigned to a layer. Compositing integrates
the footage of respective layers using geometry masks,
transparency information and effects. As the layers of a
composition are integrated, animation and other effects
can be applied to each layer.
[0005] To create a final output, such as a film or
video tape for reviewing, the composition must be ren-
dered. The rendering process transforms the footage
instructions associated with each layer into fixed video
frames. During the rendering process, corresponding
pixels from each layer are composited on top of each
other to create a final image, a frame at a time, in the
output format requested by the user. The frames may
then be written for either analog or digital storage to a
recording device, such as a video tape recorder, photo-
graph film recorder or digital disk recorder. In this way, a
movie is produced.
[0006] Animation, as described above, is a sub-
process of the modeling stage. Animation techniques
allow a user to create apparently spontaneous lifelike
movement of objects in the composition. Most movie
systems allow a user to animate an object (i.e., a layer)
by specifying a path of the object as it moves in a two or
three dimensional space. The path is typically repre-
sented by a curve Q. Motion along this curve Q can be
described by a single function (e.g., u as a function of
time where u is the natural parameter of the function

defining Q).

[0007] Often the process of creating a composition
requires many iterations of the various modeling steps
before a final product is produced. Simulation tech-
niques may be used to model the behavior or action that
is performed in a composition and speed the progres-
sion toward a final product. A traditional simulation
model includes a linear progression of acting agents
that operate on state information to produce an output
or resultant state, where successive acting agents oper-
ate on the output produced by an acting agent just pre-
vious in time. The acting agents typically define
functions that perform one or more operations on the
data.
[0008] Referring now to FIG. 1, a traditional simula-
tion model 50 includes a series of actions that are
applied over a window of time. Individual frames may be
rendered at specific time intervals to create the frames
which are to be used in generating a movie output. Typ-
ically the process is a serial process and incremental
changes to the simulation state output are applied as
each action is executed at a given time interval. More
specifically, the traditional simulation model follows a
track 50 comprised of a plurality of actions 60. An action
60 is a process that operates on a simulation state data-
base or SOUP 65. At any given time interval, the simu-
lation state database is a particular set of defined
attributes and values that is indicative of the simulation
state. The simulation state database is typically a col-
lection of dots where each dot is a collection of attribute
pairs. For example, the simulation state database may
contain hundreds of dots where each dot may contain a
horizontal position attribute and its corresponding value,
a vertical position attribute and its corresponding value
as well as a color (red attribute and a value, green
attribute and a value, and blue attribute and a value).
[0009] As described above, an action 60 is the
process that operates on the simulation state database
(i.e., the SOUP is both an input and an output). The
action can add dots, remove dots, or modify one or
more attributes or one or more values in the simulation
state database. An action 60 can include one or more
acting agents (not shown). An acting agent is a process
that effects the simulation. Examples of actions or act-
ing agents are gravity and wind. In traditional simulation
modeling, all acting agents leave a permanent result.
That is, when applied to the simulation state database,
they leave an effect which is passed to the next action at
a next time interval in the track.
[0010] However, it is often desirable, especially for
animation systems, to create temporary results. In other
words, typical simulation techniques do not allow the
possibility to create intermediate events within a flow of
actions such that the intermediate events have a
defined lifetime existence separate from the overall flow
of events.
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Summary of the Invention

[0011] In general, in one aspect, the invention fea-
tures a method of integrating two independent simula-
tions and includes running a first simulation simulating
changes in an object over time. The first simulation
includes a first simulation output reflective of a state of
the first simulation at one or more predefined times. A
second simulation is run concurrently simulating
changes in a second object over time. An interaction
between the first and second simulations is defined
resulting in an integrated simulation output without
affecting the first simulation state.
[0012] Aspects of the invention include numerous
features. The second simulation can provide a second
simulation output reflective of a state of the second sim-
ulation at one or more predefined times. The step of
defining the interaction results in the integrated simula-
tion output without affecting the second simulation state.
The integrated simulation output combines the second
simulation output and a modified first simulation output
where the modified first simulation output is produced
by the operation of the second simulation on the first
simulation output.
[0013] The method further includes running a third
simulation concurrently simulating changes in a third
object over time and defining an interaction between the
first, second and third simulations resulting in a second
integrated simulation output without affecting the first or
the second simulation state. The third simulation pro-
vides a third simulation output reflective of a state of the
third simulation at one or more predefined times. The
second integrated simulation output combines the third
simulation output and a modified first integrated simula-
tion output where the modified first integration simula-
tion output is produced by the operation of the third
simulation on the integrated simulation output.
[0014] Each of the first and second simulations sim-
ulate the animation of a layer in a multi-layer composi-
tion. The second simulation animates a property of the
object associated with the first simulation.
[0015] In another aspect, the invention provides a
method of integrating independent simulations including
defining a first and second simulation. Each simulation
runs concurrently and includes a plurality of actions
defining the progression of a simulation over time and a
simulation output reflective of a state of a simulation at
prescribed times during the simulation. An interaction
between the first and second simulations is defined
including a direction of influence where the direction of
influence defines how the simulation output from the
first simulation is combined with the simulation output
from the second simulation at each time in the second
simulation.
[0016] Aspects of the invention include numerous
features. The step of defining an interaction includes
providing the simulation output from the first simulation
as an input to the second simulation, operating on the

first simulation output in the second simulation to pro-
duce a modified first simulation output and combining
the modified first simulation output and the simulation
output of the second simulation to produce a integrated
simulation output.

[0017] The integrated simulation output can be ren-
dered to produce a frame of data for display. The inte-
grated simulation output for a given time is provided to a
next action in the second simulation. Only the simulation
output from the second simulation at a given time can
be provided to a next action in the second simulation.
[0018] In another aspect, the invention provides a
method of integrating independent simulations to pro-
duce a multi-level simulation including defining a first
and second simulation where each simulation runs con-
currently and includes a plurality of actions defining the
progression of a simulation over time and a simulation
output reflective of a state of a simulation at prescribed
times during the simulation. An interaction between the
first and second simulations is defined. The simulation
output from the first simulation is provided as an input to
the second simulation. The first simulation output in the
second simulation is operated on to produce a modified
first simulation output. The modified first simulation out-
put and the simulation output of the second simulation
are combined to produce a integrated simulation output.
The integrated simulation output is rendered to produce
a frame of data for display.
[0019] In another aspect, the invention provides a
method of integrating two independent simulations and
includes providing a first and second layer where each
layer specifies separate but concurrent simulations and
includes a plurality of actions defining the progression of
a simulation over time. Each action includes a layer
state input, a function, and a resultant layer state output
where the application of the function to the layer state
input results in the resultant layer state output. An inter-
action between the first and second simulations is
defined. The interaction includes providing as an input
to the second layer the first layer's resultant state out-
put, operating on the first layer's resultant state output
by actions specified in the second layer to produce a
modified resultant state output for the first layer and
combining the resultant state output for the second layer
with the modified resultant state output from the first
layer to produce an integrated simulation state output.
The integrated simulation state output is rendered pro-
ducing a frame for display.
[0020] Aspects of the invention include numerous
features. The combining step copies the resultant state
output without affecting output produced by the second
layer. Either of the resultant state outputs for the first or
second layer can be rendered to reflect the state of
either simulation at a given time. Rendering includes
displaying an image representative of an interaction of
the first and second layers at a particular time.
[0021] In another aspect, the invention provides a
simulation tool for providing multi-level simulations of
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concurrently running simulations and includes a simula-
tion engine operable to designate a first and second
simulation each including a simulation output, to copy a
simulation output from a first simulation and provide the
copy of the first simulation output to the second simula-
tion resulting in application of actions specified in the
second simulation at a same time interval to the first
simulation output thereby producing a modified first sim-
ulation output, and to combine the modified first simula-
tion output and a second simulation output for a
predefined time producing an integrated simulation out-
put. A render designation tool is included for designat-
ing one or more times for rendering the integrated
simulation output to produce a frame for display repre-
sentative of the interaction of the first and second simu-
lations.

[0022] In another aspect, the invention provides a
method for animating an object that includes selecting a
property of the object to animate, animating the prop-
erty over a time interval including updating a value of
the property and defining and animating an ephemeral
property of the object over the time interval where the
value of the ephemeral property is determined from the
value of the property at a same time and an associated
function. A first simulation is run simulating an anima-
tion of the property producing a first simulation output
reflective of a state of the first simulation at predefined
times. A second simulation is run concurrently simulat-
ing an animation of the ephemeral property producing a
second simulation output reflective of a state of the sec-
ond simulation at the predefined times without affecting
the state of the first simulation. A frame of data is ren-
dered at the predefined times during the time interval
using the second simulation output whereby the ephem-
eral property is animated for each individual frame with-
out affecting underlying values of the property produced
by the first animation.
[0023] Advantages of the present invention include
one or more of the following. The invention provides
more control than provided by traditional simulation
environments. The invention provides an added ele-
ment of "non-destructiveness" to the simulation environ-
ment, which allows references from one point in a
simulation to any point previous in execution time or real
simulation time. Other advantages and features will be
apparent from the following description and from the
claims.

Brief Description of the Drawing

[0024]

FIG. 1 is a block diagram of a prior art simulation
modeling process.
FIG. 2 is a block diagram of an animation system
according to the invention.
FIG. 3 is a flow diagram of an animation process
according to the invention.

FIG. 4 is a flow diagram of a simulation process
according to the invention.

FIG. 5a-b is a block diagram of a multi-level simula-
tion architecture according to the invention.
FIG. 5c is a block diagram of an action in a multi-
level simulation model according to an alternative
implementation of the invention.

Detailed Description

[0025] The present invention may be embodied in
any system that performs a simulation with a system
state at a given time that is determined by the system
state a moment before. For example, the present inven-
tion has applicability to weather systems, fireworks sim-
ulation systems or traffic simulation systems. The
invention has particular applicability to animation sys-
tems and will be described in terms of an embodiment
in such a device, which will be simply reformed to as an
animation system.
[0026] Referring now to FIG.s 2 and 3, an animation
system 110 receives input from a user and transforms
the input into video output frames for display in a movie.
The animation system 110 includes tools for animating
objects in a composition including an import tool 112,
animation tool 114, render tool 116, a user interface 118
and multi-level simulation tool 120.
[0027] Import tool 112 retrieves and places content
into a composition. Import tool 112 can include a selec-
tion tool (not shown) for selecting a particular piece of
content as well as methods for loading content from
local and remote sites.
[0028] Animation tool 114 includes methods and
processes for animating an object in the composition.
Animation tool 114 is discussed in greater detail below.
[0029] Render tool 116 renders a frame of data rep-
resentative of the composition at a particular time.
Render tool 116 produces video output frames for dis-
play in a movie.
[0030] User interface 118 includes a graphical user
interface which is manipulated by various tools in ani-
mation system 110 to produce visual display for guiding
a user in the creation and display of a composition.
[0031] Multi-level simulation tool 120 includes
methods and processes for invoking concurrent simula-
tions for multiple objects in the composition. A process
for simulating a composition is shown in FIG. 4.
[0032] In a process 200 of animating an object(s) in
a composition, a user selects an object using a selec-
tion tool (not shown), such as layer in a movie composi-
tion for animation (202). The user designates a
particular object property to be animated using the ani-
mation tool (204). Object properties that can be ani-
mated include layer position, anchor point, effect point
controls and color selection.
[0033] Another type of property that can be ani-
mated is a layer map. A layer map is used to control the
interaction of an associated layer with other layers.
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More specifically, a layer map controls what happens
when a pixel in a layer is passed over by another pixel,
for example, from another layer. The layer map includes
a user specified or default operation for defining the
interaction of the pixels. Examples of operations include
addition, differentiation, set, subtraction, multiplication,
minimization and maximization. A layer map can itself
be animated over time.

[0034] In one implementation a property mapper is
used to control specific properties of an individual
object. A property of an object can be modified in either
a persistent or an ephemeral way in an animation. A
persistent change to a property retains the most recent
value set by a layer map for the remaining life span of
the object, unless modified by another operator (action).
An ephemeral change to an object property reverts the
property to its original value after the change has been
applied and a frame is rendered capturing the change.
For example, if a layer map is used to modify an object's
size and subsequently the layer map is animated so that
it exits the frame, the object returns to its original size
value as soon as no layer map pixels correspond to it. A
persistent property manager can be used to persistently
maintain the state of the properties associated with a
layer consistent with changes applied during the course
of the animation. An ephemeral property mapper can be
used to maintain the original state of the properties for
an object while changes are temporally applied during
the course of the animation.
[0035] The user defines an initial object property
state and a final object property state, such as a starting
and ending position of the object as it travels in a display
area (206). Thereafter the user may define a path in the
property space of the object that the object will follow
between the starting and ending property states (208).
A user may desire to animate more than one object for
display to create a final composition (209). Accordingly,
the animation process steps may be repeated for each
object to be animated (210).
[0036] A simulation of the final composition can be
invoked to simulate the interaction of the various objects
contained within a composition (212). Depending on the
simulation results, re-modeling or re-animation may be
performed (214). When the simulation results are satis-
factory, a final composition output may be rendered
(216) and the process ends (218).
[0037] Referring now to FIG. 4, multi-level simula-
tion tool 120 can be used to invoke a multi-level simula-
tion process 400 that includes a user specification of
object(s) whose animation is to be simulated (402).
Each object is assigned to a layer in a multi-level simu-
lation (404). The user specifies the start and stop time
for the simulation (406) and designates one or more
times at which a simulation state "snap-shot" is to be
captured by the render tool and rendered as a video
frame (408). Finally, the simulation is invoked (410).
[0038] Referring to FIG. 5a, simulation tool 120
operates on requests received from the user to simulate

object animation creating a multi-level simulation that
defines the interaction of two or more concurrently run-
ning simulations. A multi-level simulation model is cre-
ated that includes two or more simulations and the
interaction therebetween. Each object to be simulated is
assigned to a simulation track 502. An example of an
object whose animation can be simulated is a layer in a
multi-layer composition.

[0039] Each track 502 includes a linear series of
operations 504 that describe the animation effects to be
applied to a given object from the user designated start
time to end time for the simulation. During any time
interval, zero or more actions 506, as defined using the
animation tool, can be applied to the object (e.g., from
time t0 to time tnext). Actions can define the motion of
the object in display space or the application of one or
more effects to the object. Examples of effects include
wind, gravity, repel, wall, or explosion effects. An action
may include the manipulation of one or more properties
associated with a given object. A property mapper,
either persistent or ephemeral, can be used to control
the animation process as applied to the specific proper-
ties associated with an object.
[0040] At a start time t0 the object is defined by an
initial object state 508. The initial object state 508
includes attributes and information that describe the
state of the object as of time t0 and prior to the execu-
tion of any actions defined in the interval between t0 and
t1.
[0041] At time t1, one or more actions 506 have
been applied to the object to produce an animation
effect. The result of the operation of the actions 506 on
the initial object state 508 is a resultant object state 510.
The resultant object state 510 can be rendered to pro-
vide a visual frame for display to a user of the state of
the simulation track 502 at a particular time during the
simulation execution. The resultant object state 510 is
provided as an input to a next operation 504 in track
502. As described above, a track 502 defines the pro-
gression of a simulation over time. At each time interval
one or more actions are applied to the object state pro-
ducing a new resultant object state which may be ren-
dered by render tool 118 to produce a visual display. At
the end of the simulation, a final output state for the sim-
ulation track can be rendered to produce a frame for dis-
play to the user.
[0042] A simulation track 502 also includes interac-
tion state information. Simulation tool 120 allows a user
to define a multi-level simulation to integrate two or
more concurrently running simulations. More specifi-
cally, each simulation track includes an integration state
520 which is provided as an input at each operation
504. The integration state 520 is provided from a simu-
lation track at one hierarchical level higher in a multi-
level simulation. The integration state 520 includes
object state information for each simulation layer that is
higher in the hierarchical structure. As an operation 504
is invoked in a simulation track 502, the integration state
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is operated on by each action 506 to produce a modified
integration state 522. The modified integration state 522
reflects the effects applied by the various actions
defined over a given time interval in the current simula-
tion track to the integration state 520. For example, one
action 506 may be a gravity effect. Gravity effects may
be applied to the simulation layer state information that
is included in the integration state 522, effectively apply-
ing gravity to the objects that are included in the simula-
tions at higher hierarchical levels in the multi-level
simulation model. The application of the gravity effect to
the integration state 520 creates a modified integration
state 522.

[0043] To integrate the simulations, simulation tool
120 copies the resultant object state 508 into the modi-
fied integration state 520 to create resultant integration
state information that is passed to the next lower hierar-
chical level in the multi-level simulation. The resultant
integration state 524 includes state information for each
layer above the current simulation layer as well as the
state of the current simulation layer. The resultant inte-
gration state 524 may be rendered by the render tool to
produce a frame representative of the integration of the
current simulation layer and the higher levels in the
multi-level simulation hierarchy. The interaction of the
resultant integration state 520 and the resultant object
state 508 is described in greater detail below.
[0044] Referring to FIG. 5b, a multi-level simulation
model 530 is shown. Each object is assigned to a partic-
ular track 502. The first layer in a simulation includes a
track 502-0 defining the animation of an object over the
time interval t0 to tend. In one implementation, the first
track in a multi-level simulation includes no initial inte-
gration state 520. The resultant object state 510-0 is
copied directly into the "empty" integration state 520 to
produce a resultant integration state 524-0. The result-
ant integration state 524-0 defining the resultant state of
the object animated in track 502-0 is provided as an
input to a next lower layer 502-1 in the multi-level simu-
lation architecture.
[0045] Layers are used to specify separate but con-
current simulations. The output of a layer is used as an
input to effect and interact with a lower layer (one that
executes after it), but without any permanent changes to
the upper layer simulation. For example, the actions act-
ing at a given time on a lower layer receive the previous
state information of the given lower layer and that of lay-
ers above the lower layer in the current simulation. The
resulting state produced by an action in a lower layer,
however, never goes back up to any layers above but
only to the next operation (state) in the current layer and
any layers below.
[0046] The second layer in a multi-level simulation
includes a track 502-1 defining the animation of a sec-
ond object over the time interval t0 to tend. The second
track includes an initial object state 508-1 and integra-
tion state 520-1 (that is equal to the resultant integration
state 524-0) which is provided from the first layer in the

multi-level simulation. Actions over a given time interval
are applied to both the object state 508-1 and the inte-
gration state 520-1 to produce a resultant object state
510-1 and modified integration state 522-1, respec-
tively. The resultant object state 510-1 is passed as an
input (object state input 508-1) to the next operation in
the current simulation track 502-1. The resultant object
state 510-0 is also copied directly into the modified inte-
gration state 522-1 to produce a resultant integration
state 524-1. The resultant integration state 524-1 defin-
ing the resultant state of the integration of the objects
animated in track 502-0 and track 502-1 is provided as
an input to a next lower layer 502-2 in the multi-level
simulation architecture.

[0047] At a user defined time, incremental effects
produced by actions specified in a simulation as well as
the interaction of the objects specified in the concurrent
simulations can be captured and rendered. More specif-
ically, the state of a current individual simulation can be
viewed by rendering the resultant object state 510 at a
given time. Similarly, the state of the interaction of one
or more layers in the multi-level simulation can be
viewed by rendering the resultant integration state 524
at a given time.
[0048] Each simulation progresses in parallel while
the layer state information is provided in a flow down
mechanism to the next layer as an input from above. In
one implementation, the resulting state flows both down
as well as across a simulation. Note that if the resulting
state information is not restricted from moving both
down and to the right that information may "meet itself".
That is, the state information flowing right and then
down may meet up with information that flows down and
then right. To prevent a buildup or flow error, state infor-
mation that flows down may be restricted to not flow to
the right and vice versa. In addition, information that
flows right may be copied into the downward flow after
each action is finished.
[0049] Referring now to FIG. 5c, each action 506
may include a cross talk path to allow for the interaction
of the integration state information and the object state
information. More specifically, at each action, after the
effect of the action has been applied to both the object
in the current simulation layer and the integration state
information, the object state and integration state may
be copied into the integration state and the object state,
respectively. In this way, the output from an action which
is passed to a next operation in a current simulation may
be configured to include both current object state infor-
mation as well as the state information from the integra-
tion.
[0050] Alternatively, object state or integration state
information may be moved from a layer into the integra-
tion or conversely from an integration into an individual
layer. That is, an action may include the removal of
object state information from a simulation layer (or
removal of data from the integration state). More inter-
estingly, the same or another action can allow for the
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placement of the removed object state information into
the integration (or into the simulation layer) without
affecting the individual simulation layer. For example, a
layer can include animation for a plurality of objects, one
of which may be removed by an action in the layer sim-
ulation. As the layer simulation moves forward to a next
time interval, the object is no longer present in the
object state information passed to a next action at a next
time interval in the layer. However, a user may desire to
keep the removed object in the integrated simulation.
Accordingly, by adding the object into the integration
state, the removed object can be passed down into a
next layer and be operated on in a next time interval by
any of the lower layers in the multi-level simulation.

[0051] While the invention has been described in
terms of specific embodiments which should not be
construed as limiting.

Claims

1. A method of integrating two independent simula-
tions comprising:

running a first simulation simulating changes in
an object over time, the first simulation includ-
ing a first simulation output reflective of a state
of the first simulation at one or more predefined
times;
running a second simulation concurrently simu-
lating changes in a second object over time;
and
defining an interaction between the first and
second simulations resulting in an integrated
simulation output without affecting the first sim-
ulation state.

2. The method of claim 1 where the second simulation
provides a second simulation output reflective of a
state of the second simulation at one or more pre-
defined times.

3. The method of claim 2 where the step of defining
the interaction results in the integrated simulation
output without affecting the second simulation
state.

4. The method of claim 2 where the integrated simula-
tion output combines the second simulation output
and a modified first simulation output, the modified
first simulation output being produced by the opera-
tion of the second simulation on the first simulation
output.

5. The method of claim 2 further including

running a third simulation concurrently simulat-
ing changes in a third object over time where
the third simulation provides a third simulation

output reflective of a state of the third simula-
tion at one or more predefined times; and

defining an interaction between the first, sec-
ond and third simulations resulting in a second
integrated simulation output without affecting
the first or the second simulation state.

6. The method of claim 5 where the second integrated
simulation output combines the third simulation out-
put and a modified first integrated simulation out-
put, the modified first integration simulation output
being produced by the operation of the third simula-
tion on the integrated simulation output.

7. The method of claim 1 where each of the first and
second simulations simulate the animation of a
layer in a multi-layer composition.

8. The method of claim 1 where the second simulation
animates a property of the object associated with
the first simulation.

9. A method of integrating independent simulations
comprising:

defining a first and second simulation, each
simulation running concurrently and including a
plurality of actions defining the progression of a
simulation over time, each simulation including
a simulation output reflective of a state of a
simulation at prescribed times during the simu-
lation; and
defining an interaction between the first and
second simulations including a direction of
influence where the direction of influence
defines how the simulation output from the first
simulation is combined with the simulation out-
put from the second simulation at each time in
the second simulation.

10. The method of claim 9 where the step of defining an
interaction includes:

providing the simulation output from the first
simulation as an input to the second simulation;
operating on the first simulation output in the
second simulation to produce a modified first
simulation output; and
combining the modified first simulation output
and the simulation output of the second simula-
tion to produce a integrated simulation output.

11. The method of claim 10 further comprising render-
ing the integrated simulation output to produce a
frame of data for display.

12. The method of claim 10 further comprising provid-
ing the integrated simulation output for a given time
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to a next action in the second simulation.

13. The method of claim 10 further comprising provid-
ing only the simulation output from the second sim-
ulation at a given time to a next action in the second
simulation.

14. A method of integrating independent simulations to
produce a multi-level simulation comprising:

defining a first and second simulation, each
simulation running concurrently and including a
plurality of actions defining the progression of a
simulation over time, each simulation including
a simulation output reflective of a state of a
simulation at prescribed times during the simu-
lation; and
defining an interaction between the first and
second simulations including

providing the simulation output from the
first simulation as an input to the second
simulation;
operating on the first simulation output in
the second simulation to produce a modi-
fied first simulation output;
combining the modified first simulation out-
put and the simulation output of the second
simulation to produce a integrated simula-
tion output; and
rendering the integrated simulation output
to produce a frame of data for display.

15. A method of integrating two independent simula-
tions comprising:

providing a first and second layer where each
layer specifies separate but concurrent simula-
tions and includes a plurality of actions defining
the progression of a simulation over time, each
action including a layer state input, a function,
and a resultant layer state output where the
application of the function to the layer state
input results in the resultant layer state output;
and
defining an interaction between the first and
second simulations including,

providing as an input to the second layer
the first layer's resultant state output;
operating on the first layer's resultant state
output by actions specified in the second
layer to produce a modified resultant state
output for the first layer; and
combining the resultant state output for the
second layer with the modified resultant
state output from the first layer to produce
an integrated simulation state output; and

rendering the integrated simulation state output
producing a frame for display.

16. The method of claim 15 where the combining step
copies the resultant state output without affecting
output produced by the second layer.

17. The method of claim 15 further comprising render-
ing either of the resultant state outputs for the first
or second layer to reflect the state of either simula-
tion at a given time.

18. The method of claim 15 where step of rendering
includes displaying an image representative of an
interaction of the first and second layers at a partic-
ular time.

19. A simulation tool for providing multi-level simula-
tions of concurrently running simulations compris-
ing:

a simulation engine operable to designate a
first and second simulation each including a
simulation output, to copy a simulation output
from a first simulation and provide the copy of
the first simulation output to the second simula-
tion resulting in application of actions specified
in the second simulation at a same time interval
to the first simulation output thereby producing
a modified first simulation output, and to com-
bine the modified first simulation output and a
second simulation output for a predefined time
producing an integrated simulation output; and
a render designation tool for designating one or
more times for rendering the integrated simula-
tion output to produce a frame for display repre-
sentative of the interaction of the first and
second simulations.

20. A method for animating an object comprising:

selecting a property of the object to animate;
animating the property over a time interval
including updating a value of the property;
defining and animating an ephemeral property
of the object over the time interval where the
value of the ephemeral property is determined
from the value of the property at a same time
and an associated function;
running a first simulation simulating an anima-
tion of the property producing a first simulation
output reflective of a state of the first simulation
at predefined times;
running a second simulation concurrently simu-
lating an animation of the ephemeral property
producing a second simulation output reflective
of a state of the second simulation at the prede-
fined times without affecting the state of the
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first simulation;

rendering a frame of data at the predefined
times during the time interval using the second
simulation output whereby the ephemeral prop-
erty is animated for each individual frame with-
out affecting underlying values of the property
produced by the first animation.
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